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Abstract

An on-line coupled reversed-phase liquid chromatography—gas chromatography (RPLC-GC) method requiring minimal
manual sample preparation was developed for the determination of morphine, codeine, heroin, dihydrocodeine and
ethylmorphine in urine. A loop-type interface and concurrent eluent evaporation technique were used in the coupling, and the
aqueous phase was changed to organic solvent by continuous liquid-liquid extraction before transfer to the GC. The two
phases were separated with a sandwich-type phase-separator. The analytes were also derivatized on-line before GC
separation. The LC was used for clean-up, and the GC for the final separation and detection of the analytes. Total analysis
time was less than 60 min, which is much shorter than with traditional analysis methods. A marked increase in the recoveries
in liquid—liquid extraction (LLE) was obtained by heating the aqueous eluent and the extraction coil. Linearity and
repeatability of the method were good and the limits of quantification for the analytes were between 61 and 92 ng/ml.
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1. Introduction

The extensive use of morphine and its analogues
as analgesics together with the widespread abuse of
these drugs has necessitated the development of
rapid and sensitive methods for the detection of
opiates in biological samples. Assays of opiates are
of importance both in clinical medicine and in
forensic toxicology. In addition, in many countries
job applicants are tested for drugs. Various tech-
niques have been developed for these purposes,
including immunoassay [1,2] and electrophoretic [3—
5] and chromatographic techniques [6—14]. Of these,
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immunoassay systems offer the sensitivity required,
but they rarely differentiate individual opiates from
each other. Electrophoresis is a relatively new tech-
nique in this area and not yet widely used in routine
analysis. Chromatographic techniques are therefore
the most widely used for analysing opiates in
biological matrices. Thin layer chromatography
(TLC) [6] usually is used only for screening pur-
poses while liquid chromatography (LC) [7,8] and
gas chromatography (GC) [9-13] are also applied
for quantitative analysis. Supercritical chromatog-
raphy (SFC) [14] has been used in lesser extent in
the analysis of opiates.

A major drawback of these otherwise superior
chromatographic techniques is the time-consuming
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sample preparation. The most common sample prep-
aration methods for biological samples are liquid-
liquid extraction (LLE) and solid-phase extraction
(SPE). Through careful choice of solvent, LLE
allows the extraction of analytes from most endogen-
ous components, but the method is tedious and
sufficient recovery of analytes often requires succes-
sive extractions and large volumes of solvents. In
comparison with LLE, SPE is simpler and faster and
much less solvent is required. In addition to these
clean-up procedures, GC methods frequently require
derivatization of polar and adsorptive groups of the
analytes before the separation. Most of these sample
preparation steps are carried out manually, which is
not only laborious but often also imprecise, and the
risks of sample loss and contamination are increased.
For all these reasons, much attention has lately been
given to the development of fast and simple auto-
mated sample handling procedures, such as auto-
mated preparation modules in GC [15], on-line SPE—
GC [16], LLE-GC [17], column-switching tech-
niques in LC [18], and hyphenated chromatographic
techniques such as LC-LC {19] and LC-GC [20-
23]).

Coupling together of two different chromatograph-
ic instruments allows exploitation of the best features
of both. In LC-GC coupling, LC is used for clean-up
and/or fractionation of the sample while the actual
separation is done by more efficient GC. Thus the
large sample capacity and high resolving power of
LC can be combined with high separation efficiency
and sensitive detection of GC. An additional benefit
of LC~GC coupling is that the whole sample fraction
can be injected into the GC unlike in traditional
techniques. Although it is much easier to couple
normal-phase than reversed-phase LC to GC, RPLC-
GC coupling offers a wider application range. More-
over, because there are problems in injecting large
volumes of aqueous eluents directly into the GC
column, the RPLC-GC combination demands spe-
cial approaches. Usually the RP-eluent is changed to
a suitable organic solvent before GC analysis by
using a trapping column, SPE column, or on-line
liquid-liquid extraction [24]. Choice among the
several types of interfaces available for the RPLC-
GC coupling depends on the analytes. The ideal
interface for drugs, which tend to be relatively polar
and non-volatile, is the loop-type interface using
fully concurrent eluent evaporation (FCSE).

In this work, an on-line coupled RPLC-GC
system was used for determination of morphine and
its analogues in urine. The aim was to develop a fast
method with minimal manual sample preparation.
The coupling was based on on-line LLE, a sandwich-
type phase separator, and a loop-type interface, and
the analytes were silylated with bis-(trimethyl-
silyl)acetamide (BSTFA) on-line before the GC
separation. Concurrent eluent evaporation mode was
used during the transfer step and the excess of
solvent vapors was removed via a solvent vapor exit.
The sample clean-up was done in the LC part of the
system and the only manual sample preparation step
was filtration of the sample. Linearity, sensitivity and
repeatability of the method were studied.

2. Experimental
2.1. Materials

All solvents were HPLC grade. Acetonitrile,
methanol, dichloromethane, boric acid, ethyl acetate
and sodium hydroxide were purchased from Merck
(Darmstadt, Germany). Codeine hydrochloride,
ethylmorphine hydrochloride, heroin hydrochloride,
hydrocodeine bitartrate and morphine hydrochloride
were donated by the Crime laboratory of the Finnish
National Bureau of Investigation (Vantaa, Finland).
N,O-Bis(trimethylsilyDtrifluoroacetamide (BSTFA)
and BSTFA+1% trimethylchlorosilane (TMCS)
were from Merck.

2.2. Instrumentation and conditions

The coupled LC-GC system has been described
earlier [20,21). The liquid chromatograph was a
Hewlett-Packard 1090 with diode array detector. The
6-port valve for backflushing the LC column was
from Rheodyne. Organic solvent was delivered by a
Jasco pump. The extraction coil material was PEEK
(3 mx0.75 mm 1D). The sandwich-type phase
separator was made in our laboratory [25]. The
LC-GC interface consisted of a 10-port Rheodyne
valve equipped with a 940-pl sample loop and an
additional 78-pl loop for the derivatization reagent.
The GC was a Carlo Erba Mega Series 5300
equipped with a flame ionization detector.

LC separations were performed on a 20 mmX2.1
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mm I.D. column dry-packed with Capcell Pak C,,
SG-120, 5 pwm (Shiseido, Japan). The LC mobile
phases were 0.05 M boric acid adjusted to pH 10.0
with NaOH, and boric acid—acetonitrile (76:24, v/v).
Mobile phases were filtered and degassed before use.
Flow-rate of the mobile phase was 0.8 ml/min.
Diode array detection was at 240, 254 and 280 nm.

Columns used in GC separation were a 3 mXx0.32
mm LD. fused-silica DPTDMS deactivated retention
gap (BGB Analytic, Switzerland), a 3 mx0.32 mm
I.D. fused-silica retaining precolumn coated with
0.25 pm film of BGB-5 (BGB Analytik) and an 18
mx0.32 mm ID. fused-silica capillary column
coated with 0.1 pm film of BGB-5 (BGB Analytik),
all connected via press fit connectors. The detector
temperature was 300°C. The carrier gas was helium
and the flow-rate 7.3 ml/min.

2.3. Analysis procedure

LC clean up: 1-3 min: washing with boric acid.
3—6 min: Elution with boric acid—ACN (76:24, v/v).
On-line LLE: extraction solvent: CH,Cl,. Separation
of the organic and aqueous phases: sandwich-type
separator, 0°C. Collection of the sample fraction,
transfer of the sample fraction to GC: solvent vapor
exit open, oven temperature 90°C, evaporation of the
solvent (15 min), derivatisation in the retention gap
(2 min), solvent vapor exit closed. GC separation:
90°C—160°C—225°C—300°C at 20, 4 and 25°C/
min, respectively.

2.4. Samples

Standard solutions of the drugs were made by
dissolving an appropriate amount of each in metha-
nol to give a concentration of 1 mg/ml. The solu-
tions were stored at 4°C. Spiked samples were
prepared by adding standard solutions to drug-free
urine, which had been collected from healthy vol-
unteers after a caffeine-free diet lasting 2 weeks.
Urine samples were diluted 1:1 (v/v) with 0.05 M
boric acid (pH 10.0) and filtered. A 100-pul volume
was injected into L.C loop of corresponding volume.

2.4.1. Off-line derivatization procedure

The solution of analytes (concentration of each 1
pg/ml) in boric acid buffer (2 ml) was extracted
twice with two portions of 1-ml volume of dichloro-

methane and the solution was evaporated to dryness
under a flow of nitrogen. A 135-pl volume of
BSTFA was added to the residue and the capped test
tube was heated at 70°C for 30 min. Finally the
mixture was diluted with 2 ml of dichloromethane.

3. Results and discussion

The goal of the LC separation was to similar to
solid-phase extraction: to separate the analytes not
from each other but from the endogeneous matrix
compounds. A short column of 2 cmX2.1 mm LD.
proved suitable for this purpose. The LC procedure
consisted of a washing step followed by an elution
step. A 3-min washing with the buffer was sufficient
to remove most of the disturbing compounds. In the
elution step, the concentration of the organic solvent,
acetonitrile, was optimized in the range of 20-30%
(v/v) to obtain as narrow a zone as possible. No
sample loss was noticed in the washing step.

In the on-line liquid-liquid extraction step the
aqueous eluent was changed to suitable organic
solvent for the GC separation. This also served as an
additional clean-up step. Boric acid at pH 10 was
chosen as the aqueous eluent and dichloromethane as
the extraction solvent. In our earlier studies we found
that equal flow-rates of 0.8 ml/min for the organic
and aqueous phases gave the best extraction ef-
ficiency and separation in the phase-separator
[20,21].

The effect of temperature on the extraction was
studied by heating the aqueous eluent and the
extraction coil. It was necessary to heat the eluent,
not just the coil system, because the heat transfer
through the PEEK material is not very efficient.
Since the LC system is closed and the pressure inside
the system exceeds the ambient pressure, the tem-
perature could be increased above the boiling point
of the extraction solvent. The boiling point of
dichloromethane is 39°C at ambient pressure but the
system could be heated to 55°C. At this temperature,
however, the sample zones became much broader
due to enhanced diffusion and, furthermore, the
efficiency of the phase-separator was decreased. A
lower temperature of 45°C was accordingly chosen
for the analysis. The efficiencies of on-line extraction
for the analytes at 45°C were as much as six times as
good as the efficiencies at ambient temperature.
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Compared with traditional, manual liquid-liquid
extraction, the efficiency of on-line extraction was
better for all the opiates except ethylmorphine (Table
).

To enhance the evaporation rate of the solvent, a
higher flow-rate was used for the transfer of the
sample fraction and derivatization reagent, than
during the actual separation. Carrier gas inlet
pressures were tested in the range 1.5-2.1 bar to give
flow-rates of 7.2-12.3 ml/min. The inlet pressure
was set 0.2 bar lower during the separation step.
Although the evaporation time was reduced to 8 min
at the higher inlet pressure (2.1 bar), the separation
was negatively affected and therefore an inlet pres-
sure of 1.5 bar (flow-rate 7.3 ml/min) was chosen.
The oven temperature was optimized for the transfer
step by taking into account the conditions required
both for concurrent eluent evaporation and for the
on-line derivatization reaction. The effect of tem-
perature was studied in the range 88—-94°C and 90°C
was selected as best for both separation and the
derivatization reaction.

Although it is also possible to analyse opiates by
GC without derivatization, most such analysis pro-
cedures are limited by the phenolic properties of the
opiates, which cause non-linear adsorption to the
chromatographic column, with resultant tailing of the
peak and irreversible adsorption. Various methods
have been developed to derivatize the free hydroxyl
groups of these compounds [9~13], of these silyla-
tion has good characteristic for an on-line deri-
vatization and it was accordingly chosen as the
derivatization method. Two silylation reagents were
tested: BSTFA with 1% TMCS, and BSTFA.
BSTFA/TMSC had a negative effect on the surface
of the retention gap, whereas no such effect was

noticed with pure BSTFA. The latter was chosen for
further studies. As mentioned above, the temperature
during the transfer of the sample fraction was also
optimized with a view to efficient and fast de-
rivatization. It can be assumed that the derivatization
takes place in the retention gap after the solvent has
evaporated. A short period of two min after the
evaporation of the solvent was sufficient for the
derivatization reaction. For the optimization of the
amount of reagent, BSTFA was diluted with di-
chloromethane in the concentration range of 10-
50%. The effect of varying BSTFA concentration
was studied with standard samples containing 1 pg/
ml of each opiate. The optimal concentration was
found to be 10% BSTFA in CH,Cl, for 1 ug/ml of
analyte. This was in slight excess, using 8% instead
of 10% of the reagent gave same derivatization yield,
but the repeatability was not as good with lower
concentration. Optimization of the concentration was
necessary not only for repeatable results but because
large excess of silylation reagent disturbed the
separation of the analytes and contaminated the
detector with silica deposits. The on-line derivatiza-
tion was compared with off-line derivatization with
the same reagent (Table 1). The reaction yields were
comparable.

As can be seen from Fig. 1, the clean-up pro-
cedure was effective and there were no interfering
compounds from the urine matrix in the chromato-
gram. The extra peaks are due to the excess of
derivatization reagent. To evaluate the applicability
of the analysis procedure to quantitative analysis, we
studied repeatability, linearity and limits of detection.
The calibration curves showed linear relationships
between peak areas and the analyte concentrations in
the range 0.09-15 pg/ml (Table 2). The minimum

Table 1
Comparison of efficiency of manually made and on-line liquid—liquid extractions and off-line and on-line derivatization efficiencies
Manual On-line On-line Off-line On-line
LLE LLE at 20°C LLE at 45°C derivatization derivatization
Dihydrocodeine 1 0.6 38 1 0.7
Codeine 1 0.4 1.4 1 1.1
Ethylmorphine 1 0.7 0.7 1 0.8
Morphine 1 04 - 1 =
Heroin 1 0.6 1.0 1 1.9

* Not measured.

Calculated with respect to off-line extraction and derivatization. Calculated from six replicant runs.
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Fig. 1. GC chromatograms of (top) urine spiked with the opiates
and (bottom) blank urine. Peaks: (1) dihydrocodeine, (2) codeine,
(3) ethylmorphine, (4) morphine and (5) heroin. Concentration of
the analytes was 3 pg/ml.

concentrations of the analytes in urine that could be
determined were 61-92 ng/ml. The flame ionizator
detector that we used is not very sensitive for the
opiates. With a more selective detector, e.g., NPD or
ECD, the sensitivity undoubtedly could be increased
further. The repeatability of the retention times for

the analytes was better than 0.16% and the re-
peatability of peak areas was 4-12%.

4. Conclusions

The RPLC-GC method developed proved to be
efficient for the determination of opiates in urine
samples. The clean-up was effective and simple; the
only manual step in the sample preparation was
filtration of the sample. The total time required for
analysis was under 60 min, which is much less than
with traditional methods. Furthermore, the method
was linear and repeatable, and the sensitivity was
good.
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